V/V, which is similar to a previous intercomparison but with a greater number of participants.
I. INTRODUCTION
T HE PRIMARY LF ac-dc transfer standards (up to 1 MHz) are realized by using single or multijunction thermal converters (SJTC or MJTC) [1] . The ac-dc voltage transfer difference and the corresponding uncertainty have reached the level of several tenths of V/V in the audio frequency range [2] . In the high-frequency range, coaxial thermal converters (UHF-type) or calorimetric systems are commonly used as primary voltage standards [3] - [8] . Furthermore, the transfer difference and uncertainty strongly increase with frequency in this range.
In instrumentation, significant progress has been made to ac calibration and measurement equipment. An added option is the so-called wideband option, which generates or measures ac voltage in the megahertz range with relatively high accuracy.
To be able to establish a worldwide traceability for ac-dc transfer at high frequencies, the Comité Consultatif d'Electricité (CCE) decided to organize an international comparison. There had never been an extensive CCE intercomparison, only an (informal) intercomparison between six laboratories has been carried out [9] . In the meantime, the CCE has pointed out this type of intercomparison as one of the key comparisons.
II. SCOPE OF THE INTERCOMPARISON
During the last decades, several ac-dc transfer intercomparisons have been carried out concerning the low-frequency range (up to 1 MHz) [2] . The scope of the presented comparison is to extend the frequency range up to 50 MHz with a relatively small uncertainty of the ac-dc transfer difference (see Table I ).
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A. AC-DC Transfer Difference
The ac-dc transfer difference of the traveling standards is defined as (1) where is the rms value of the applied ac voltage, and is the mean value of the direct and reversed dc voltages, which produces the same output voltage of the standard as .
B. Connectors
The middle of a Tee-connector is used as the reference plane for the ac-dc transfer measurements. Due to the fact that the input connectors are different, problems can arise due to compatibility of the connectors. Therefore, a special Tee has been provided, which has at the input a type-N female connector and at the output on one side a type-N female and on the other side a GR-874 connector.
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C. Measurement Setup
To characterize the measurement setup used for systematic errors and to be independent of the reference standards, the participants are asked to measure the two traveling standards against each other by using the supplied Tee connector. The result of this measurement can be used by the participant to have a consistency check of their measurement setup. On the other hand, these errors can be detected by the pilot laboratory when the reported ac-dc transfer differences are analyzed.
IV. PARTICIPATING LABORATORIES
The NMi Van Swinden Laboratorium is the pilot laboratory for this intercomparison. The long-term stability of the traveling standards due to transportation was not characterized before. Therefore, the pilot laboratory has scheduled three check measurements during the intercomparison. Due to serious transportation problems, it finally ends up with five check measurements.
The participants are given in the chronological order in which they have participated. 
V. LABORATORY PROCEDURES AND STANDARDS
The laboratory procedures and reference standards used by the participants have been described in more or less detail in the reports. In cases when the report contains a minimum of information or large ac-dc deviations have been observed, the participant has been asked to give additional information. In most cases, the reference standards for frequencies up to 1 MHz and the higher frequencies are different. In Table II these reference standards for the two frequency ranges are given. Several European national institutes (such as OFMET, SP, CEM, SIQ, and AREPA) also use the VSL calculable HF ac-dc transfer standard (the EUR HF SJTC) as primary standard, the same type of instrument as the traveling standard TS-HF. These standards are calibrated by VSL. Other institutes use their own developed and characterized coaxial type of thermal converters or calorimetric systems as primary reference standards.
The measurement system for almost all institutes is a (semi-) automatic system to compare a traveling standard against their reference standard. In general, the ac-dc measurement consists of an input signal sequence dc+, ac, dc , ac, dc , etc. Some institutes use a two-step method to determine the ac-dc difference-first the ac-ac(ref) measurement and second the ac(ref)-dc measurement. The reference frequency is chosen between 1 kHz and 100 kHz. The outputs of the standards are read simultaneously. Depending on the system, this is done directly by DVM's and/or the difference between the two standards to be compared is taken. The number of measurements differs from institute to institute. In general, Fig. 1 . Relative ac-dc transfer difference for the frequencies of (1, 10, 50, and 100) MHz for the TS-HF traveling standard (N.P.: not participating). Fig. 2 . Relative ac-dc transfer difference for the frequencies of (1, 10, 50, and 100) MHz for the TS-A55 traveling standard (N.P.: not participating).
measurements have been carried out in several days with 5-10 cycles per single measurement to obtain a mean value of the ac-dc transfer difference.
VI. UNCERTAINTY STATEMENTS
The participants have been asked to report the uncertainty analysis in accordance with [10] . Most of them have provided a detailed uncertainty calculation in their report. However, some participants just reported the total uncertainty.
The type A evaluation is based on the number of measurements taken. The type B evaluation is divided into several independent contributions for which the pilot laboratory has proposed a minimum set. The main contribution is given by the reference standard used. For all institutes, this term is dominating the uncertainty calculation. Other reported uncertainty sources are the Tee connector, the measurement setup, and the reproducibility of the measurements.
From the reported uncertainty calculations, it is concluded that the determination of the uncertainty of the reference standard is essential. This part is not given in the reports but this is necessary to evaluate the uncertainties in detail to come to a worldwide agreement in the scope of a key comparison.
VII. RESULTS OF THE INTERCOMPARISON
Figs. 1 and 2 present the results for the two traveling standards for the frequencies (1, 10, 50, and 100) MHz. The given relative ac-dc transfer is the difference between the reported value and the calculated mean value which is the average of all reported 's with skipping extreme values. The uncertainty bars are the reported values. The check measurements carried out by the pilot laboratory indicate that the TS-HF has a very stable behavior over time. However, the TS-A55 seems to be less stable but this can be caused by overloading during the intercomparison (reported at least once by a participant). Also, during a check measurement, the transfer differences of the TS-A55 showed instabilities, although they are small compared to the specified uncertainty.
The results at 1 MHz are in close agreement with each other. However, one institute is completely out of the range and another is 30 V/V away for the mean. The obtained results are similar to the published results for the last LF ac-dc intercomparison [2] . The scatter of the results increases with the frequency. But these deviations are mostly covered by the specified uncertainty. The overall agreement for the frequency range from 10 MHz to 50 MHz is good. In addition, for most institutes the uncertainties are strongly increasing at 10 MHz due to the transition from LF to HF ac-dc reference standards.
Even at 100 MHz, the results show a quite good agreement. However, half of the eight presented results are obtained by using a reference standard that is based on the VSL calculable HF ac-dc standard [3] , [4] . In combination with the results obtained for the other frequencies, it is concluded that there is a minimal influence of the measurement setup on the ac-dc transfer for this type of reference standard.
VIII. CONCLUSIONS
In May 1998, the intercomparison of ac-dc voltage transfer standards at high frequencies was completed. The final results in the frequency range from 1 MHz to 50 MHz show a good agreement between the majority of participants. The calculated deviations from the mean value are covered by the specified uncertainty. The present intercomparison clearly indicates that a detailed evaluation of the uncertainty of the reference standard is necessary to come to a worldwide agreement in this field of measurements.
